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FEASIBILITY STUDY
FORMER CEDAR CHEMICAL CORPORATION FACILITY
Helena-West Helena, Arkansas

1.0 INTRODUCTION

This Feasibility Study (FS) presents an evaluation of remedy alternatives and a
recommendation for remedy selection in order to address the presence of elevated
Constituents of Concern (COCSs) at the former Cedar Chemical Corporation Facility (“the
Facility”). The Facility is located in the Helena-West Helena Industrial Park approximately 1.25
miles southwest of the intersection of U.S. Highway 49 and State Highway 242, in Phillips
County, Arkansas (Figure 1). The evaluation of remedy alternatives and the remedy
recommendations were based on the results of previous investigations and a risk screening of
COCs in soil and groundwater.

On March 22, 2007, the Arkansas Department of Environmental Quality (ADEQ) issued a
Consent Administrative Order (CAO) regarding environmental conditions at the Facility to
Ansul, Inc., formerly known as Wormald US, Inc., Helena Chemical Company (Helena), and
ExxonMobil Chemical Company (ExxonMobil), a division of Exxon Mobil Corporation, pursuant
to the authority of the Arkansas Remedial Action Trust Fund Act (‘RATFA”). The stated
objective of the CAO is to “address environmental concerns at the Facility to ensure protection
of human health and the environment.” The CAO requires these companies to perform
various tasks with respect to environmental conditions at the Facility.

Pursuant to Paragraph V. 20 of the CAO, Helena and ExxonMobil (hereafter the Group),
acting jointly, entered into a Separate Agreement with ADEQ on March 25, 2008. Although
Ansul, Inc. signed the CAOQ, it is not a party to the Separate Agreement and it has not
contributed to any work described in this report. This Separate Agreement stipulated that a
site investigation and feasibility study (FS) process would be accomplished through the
completion and submittal of the following:

e A Current Conditions Report (CCR), compiling available information and data for the
Facility, to ADEQ. This CCR was submitted on November 16, 2007.

e A Facility Investigation (FI) Work Plan to ADEQ. This work plan was submitted on
January 18, 2008, re-submitted on March 20, 2008 with revisions based on ADEQ
comments, and conditionally approved by ADEQ on March 25, 2008. A supplement to
the FI Work plan, describing additional well installations, was submitted to ADEQ on
August 28, 2008, and approved by ADEQ on September 5, 2008.
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The FI activities described in the FI Work plan. The planned field work was completed
in August 2008.

A Preliminary FI Report. This report was submitted to ADEQ on October 13, 2008.

An Fl Report. This report was submitted to ADEQ on February 24, 2009, and
replacement pages addressing the ADEQ comments were submitted to ADEQ on May
29, 2009. ADEQ approved the revised FI Report in a letter dated June 4, 2009.

An FS based on FI findings. This document was prepared and originally submitted to
ADEQ on August 11, 2009. ADEQ issued comments on September 10 2009 and
October 28, 2009. This revised FS is being submitted on behalf of the Group to satisfy
all of the ADEQ comments and this requirement.
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2.0 BACKGROUND INFORMATION

The Facility was constructed in 1970 and operated until 2002. There have been no production
operations at the Facility since 2002. When the Facility was active, operations were primarily
the manufacture and blending of pesticides, herbicides, and specialty chemicals.

The Facility is located to the south of the city of Helena-West Helena, in Phillips County,
Arkansas, and consists of 48 acres within the Helena-West Helena Industrial Park (the
Industrial Park) approximately 1.25 miles southwest of the intersection of U.S. Highway 49 and
State Highway 242. Figure 1 illustrates the location of the Facility. The Facility is bordered by
farmland, State Highway 242, a rail spur, and Industrial Park properties.

The former operational portion of the property is divided into two major areas:

= Approximately 40 acres comprising the abandoned manufacturing area, on the north
side of Industrial Park Road, and

= Approximately 8 acres comprising the current wastewater treatment pond area, on the
south side of Industrial Park Road.

An undeveloped, wooded area west of the wastewater treatment pond area and south of
Industrial Park Road is also part of the site property, but does not appear to have historically
been part of the manufacturing facility. Figure 2 illustrates the locations of process units and
other salient site features.

The Site is underlain by several units of unconsolidated Quaternary and Tertiary age
sedimentary deposits. There are two shallow groundwater units at the site:

» The Perched Zone, present within low-permeability silt and clay surficial sediments
(ground surface to approximately 30 to 40 feet below ground surface [bgs]) and

= The Alluvial Aquifer, extending from approximately 40 to 150 feet bgs.

The Alluvial Aquifer is, in turn, underlain by the Jackson-Claiborne Group (which includes the
Jackson Clay), which is approximately 250 feet thick in the site area. The Jackson-Claiborne
Group is a thick, low permeability stratum comprised of clay and lignite that acts as a regional
confining unit beneath the Alluvial Aquifer.
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3.0 SUMMARY OF FACILITY INVESTIGATION FINDINGS

There was extensive investigative work performed at the Facility prior to the FI. This included,
but is not limited to:

e A 1988 hydrogeologic assessment by Grubbs, Garner & Hoskyn,
e Multiple episodes of soil and groundwater assessment by EnSafe in 1993 to 1995,
e Arisk assessment by EnSafe in 2001 and 2002, and

e A 2005 groundwater monitoring event performed jointly by ADEQ and the U.S.
Environmental Protection Agency (USEPA) Region 6.

More detailed discussions of the scope and findings of this previous work are provided in the
CCR submitted to ADEQ in November 2007. The CCR also includes information regarding
the Facility’s setting, past environmental conditions, historical ownership, and surroundings.

The FI was conducted to supplement the previous investigative work, by addressing gaps in
the existing assessment data, updating the understanding of groundwater conditions, and
developing information needed to support remedy selection. Fl investigation work, including
soil borings, cone-penetrometer studies, new monitoring well installation, soil and groundwater
sampling, and aquifer testing, was performed predominantly between March and November
2008. The results were submitted to the ADEQ in the FI Report and FI Supplemental
Information dated February and June 2009, respectively.

The FI findings were used to identify chemical constituents present in on-site soil and in on-
site and off-site groundwater. The primary constituents detected were volatile and semivolatile
organic constituents, metals, pesticides and herbicides. In addition, the FI further delineated
the distribution and magnitude of the predominant chemical constituents in soil and
groundwater; these data were used to identify likely source areas for these compounds.

The primary conclusions of the FI were:

¢ On-site soils in the former Process Areas are impacted by volatile organic constituents
(VOCs), semivolatile organic constituents (SVOCSs), pesticides and herbicides, and
possibly low levels of certain metals.

e Advective groundwater flow within the shallower Perched Zone and related lateral
transport of the observed chemicals in this zone’s groundwater is limited by the low
hydraulic conductivity of this zone.
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o The deeper Alluvial Aquifer is highly transmissive, with groundwater flowing generally
from the Facility toward the Industrial Park and agricultural properties to the south and
southeast.

e Certain chemical constituents are migrating vertically through leakage from the
Perched Zone to the Alluvial Aquifer. Based on the contrast in chemical concentrations
between these two zones, most of the contaminant mass is likely being retained in the
low permeability soils of the perched zone.

e The primary groundwater constituents observed above screening levels in Perched
Zone groundwater were 1,2-dichloroethane (1,2-DCA), 1,2-dichlorobenzene (1,2-DCB),
dinoseb, 4-chloroaniline, toluene, and acetone.

¢ In the Alluvial Aquifer, the primary groundwater constituents observed above screening
levels were 1,2-DCA, 1,2 DCB, bis(2-chloroethyl) ether, and 4-chloroaniline.

e With the exception of on-site or nearby off-site areas within the Industrial Park, the
primary Alluvial Aquifer groundwater COC that exceeds its screening level was 1,2-
DCA. 1,2-DCA has been documented to be present at least 2,700 feet downgradient
of the Facility boundary, beyond the southern end of the Industrial Park. Updated
delineation of the boundary of 1,2-DCA beyond the Industrial Park was not undertaken
during the FI because of litigation filed by the subject property owner.

e The most significant source areas for the chemicals observed in the Perched Zone and
Alluvial Aquifer are Process Areas and waste disposal areas, especially the vicinity of
the Former Dinoseb Disposal Ponds.

e The Drum Vault contains highly dilapidated drums of unknown products or wastes; the
vault also contains sand backfill and water. The backfill and water exhibit elevated
levels of various VOCs, SVOCs, pesticides, and herbicides.

e Agricultural supply wells have been identified downgradient of the property. No
downgradient water supply wells have been identified near the Facility that would be
used for drinking water or domestic supply.

Many of the compounds that have historically been detected in Alluvial Aquifer groundwater

were not detected during the FI. Those compounds that were detected were generally present
at concentrations well below historic maxima. Based on these trends, both the mass and
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concentrations of chemicals present in the Alluvial Aquifer have declined since operations
ceased at the Facility.
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4.0 REMEDY OBJECTIVES

Remedy objectives were established based on the results of the FI and risk-screening
evaluation, taking into consideration key chemical constituents and their migration and
exposure pathways, potential receptor points and anticipated future site use. The remedy
objectives establish the expectations for the remedy’s direction and performance, and provide
metrics for its short-term and long-term effectiveness.

The remedy objectives identified for the Facility are as follows:

e Protect the health of the public, site workers, and others that may be present at the
Facility or in its environs, given its expected mode of future use, by controlling current
and future exposures to soils and groundwater that contain COCs at concentrations
above risk screening criteria.

o Accelerate the natural attenuation processes in the Alluvial Aquifer by reducing on-site
sources of chemicals in both shallow soils and the Perched Zone, thereby reducing
both the size and duration of the Alluvial Aquifer plume.

¢ Enhance the future usability of the site by establishing controls that are compatible with
a range of commercial or industrial uses, within reasonable limitations, and that avoid
activities or uses that would compromise public safety or the effectiveness of on-going
remedy controls.

e Leave the Facility property in a condition such that storm water runoff is suitable for
discharge either with minimal or no treatment. This will require that contact between
storm water and contaminated media be reduced.

The remedy alternatives discussed in Section 6.0 of this FS were evaluated relative to their
effectiveness in meeting these objectives.

These objectives consider the reasonable anticipated future land use for the Facility. This land
use is anticipated to be commercial or industrial in character. As discussed in Section 6.0,
some of the remedy alternatives under consideration would require future users to avoid
activities that will disturb or expose in-place soils or groundwater, or that remove or disrupt the
engineering controls implemented at the Facility. Given this, examples of industrial use that
could be compatible with the anticipated future condition of the Facility could include:

=  Truck terminal

= Cargo storage or transshipment

AMEC Geomatrix, Inc.
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= Vehicle storage or parking
= Propane or LP Gas storage and distribution
= Warehousing

Many forms of commercial usage would be possible, as long as buildings and other
improvements to support that use could be constructed in a manner that was compatible with
the selected remedy.
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5.0 HUMAN HEALTH RISK SCREENING ANALYSIS

A risk-based screening analysis of site soils and groundwater was prepared by the Center for
Toxicology and Environmental Health (CTEH) and is included in Appendix A. This analysis
performed a comparison of chemical constituents in on-site soils and on and off-site
groundwater to USEPA 2007 generic screening values. It also included an exposure
assessment to evaluate potential pathways of human exposure to these chemicals, and to
calculate risk-based concentrations for potential receptors. The potential exposure pathways
identified for each Facility media are:

= On-Site Soils
¢ Direct contact (combined contact, ingestion, and inhalation pathways)

¢ Vapor Intrusion

=  Perched Zone Groundwater

¢ Vapor Intrusion

= Alluvial Aquifer Groundwater

¢  Total Exposure (Ingestion)

Information regarding exposure pathways and assessment, data evaluation, selection of
chemicals of potential concern (COPCs), and development and comparison of COPCs that
exceed a risk-based concentration (i.e., chemicals of concern, or COCs) are discussed in the
CTEH report (Appendix A). The distribution of exceeding COCs are illustrated in Figures 3
and 4 (on-site soils), 5 (Perched Zone groundwater), and 6 (Alluvial Aquifer groundwater).
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6.0 SOIL AND GROUNDWATER REMEDY RECOMMENDATIONS

As discussed in Section 5.0, Facility-sourced COCs are present at levels that exceed risk-
based criteria in a number of locations at the Facility and in the surrounding area. The media
affected by these COCs are unsaturated zone soils, Perched Zone groundwater, and Alluvial
Aquifer groundwater. AMEC has identified a series of remedy alternatives for each of these
three affected media. These alternatives are discussed in detail in Sections 6.1 (Soils), 6.2
(Perched Zone groundwater), and 6.3 (Alluvial Aquifer groundwater) of this FS.

For each remedy alternative, the following is provided:

= A brief narrative description of the remedy alternative, including the manner in which it
would be implemented at the Facility. These include some basic assumptions about
the scope of the remedy alternative.

» Adiscussion of the effectiveness of the remedy alternative in meeting the remedy
objectives discussed in Section 4.0, over both the short and long term. In the context
of this discussion, a remedy alternative will be considered effective if it is likely to either
reduce COC concentrations below applicable RBCs, or to render an exposure pathway
involving those COCs incomplete over either the short- or long-term.

» The estimated cost to implement the remedy alternative, broken down by capital costs
(i.e., the cost to perform the initial installation, construction, or related activity to bring
the remedial alternative on line), operations and maintenance costs on a per annum
basis, and costs to decommission any infrastructure or facilities associated with the
remedial alternative after operations have concluded. The development of these costs
is tabulated in Table 1, with a more detailed breakdown provided in Appendix B.
Please note that costs can vary considerably depending on exactly how and when the
remedy alternative is implemented. The cost estimate provided is based on the scope
of implementation described in this FS, as well as any more detailed assumptions
described in Appendix B.

Where appropriate, figures depicting the conceptual layout or locations of key features of each
remedy alternative are also provided.

In Section 6.4, AMEC presents a recommendation for the suite of remedies to be selected by
ADEQ for implementation, and describes the rationale supporting this recommendation.

6.1 ON-SITE SOILS

Based on samples collected during both the FI and previous investigations, and as discussed
in Section 5.0 and Appendix A, COCs are present in some on-site soils above risk-based
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screening levels for both the direct exposure and vapor intrusion pathways. Direct contact
would include those exposures related to immediate or near contact with soils: inhalation of
dust or vapors, absorption through the skin or mucous membranes, and ingestion of soils.
Vapor intrusion exposures would result from the evaporation of volatile COCs from the soils,
and the subsequent accumulation of vapors in indoor air spaces used by personnel. The
COCs that are present in on-site soils at concentrations above direct contact RBCs are
dieldrin, dinoseb, and aldrin; the COCs exceeding vapor intrusion RBCs are chloroform and
1,2-dichloroethane (1,2-DCA). Figure 3 (vapor intrusion) and 4 (direct contact) illustrate the
locations where these exceedances are present.

Most of these soil exceedances underlie the Process Areas of the Facility, although there are
a few in other areas. Within the Process Areas, these exceedances exhibit a generally
scattered distribution. This distribution is consistent with the these COCs having been sourced
from multiple releases at different locations within the Facility.

Despite the generally scattered distribution of COCs at elevated concentrations, there is a
significant locus of exceedances in the vicinity of the Former Dinoseb Disposal Ponds, near
the Pump Shop. In addition, Perched Zone groundwater exhibits the highest observed
concentrations of 1,2-DCA beneath the former Dichloroaniline Unit (Unit 6) (Figure 5), which
indicates the likely presence of elevated 1,2-DCA in soils beneath this unit.

Given the suspected nature of Facility releases (i.e., multiple releases from varied source
areas) it is likely that there are localized areas of elevated COCs in soils across the Facility,
including areas not previously observed during historical or recent investigative work. The
potential presence of such “pockets” of elevated COCs should be considered during the
remedy evaluation and selection process.

The following remedy alternatives were evaluated for soils:

Soil Remedy Alternative S1—Exposure Control—Reducing the potential for workers and
the public to be exposed to soils through a combination of institutional and engineering
controls.

Soil Remedy Alternative S2—In Situ Stabilization—Reducing the potential leachability and
mobility of soil constituents in selected geographic areas by mixing the soils in place with a
stabilizing material.

Soil Remedy Alternative S3—Excavation with Off-Site Disposal as Solid Waste—
Removing contaminated soils from the Facility, and replacing them with clean backfill.

AMEC Geomatrix, Inc.
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Soil Remedy Alternative S4—Soil Vapor Extraction—removing VOCs from contaminated
sails.

Soil Remedy Alternative S5—No Further Action

A discussion of each alternative is provided below.
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Soil Remedy Alternative S1 — Exposure Controls

An exposure control approach is not intended to remove or destroy COCs in soils. Instead, it
is intended to prevent current and future exposure pathways from becoming complete.
Although the COCs would still be present, the public and site workers would not be exposed to
harmful levels of these COCs. Exposure control would be achieved through a combination of
engineering and institutional controls, as follows:

= A soil cover consisting primarily of asphalt pavement, which will be constructed
across the Process Area. Following demolition of the above ground portions of
site buildings and process units (see Section 7.0 of this FS), and the plugging of
storm drains and other underground structures, the Process Area will be
covered with a surface of asphalt pavement, including any needed base
material. This pavement will be constructed in a manner that is suitable for
normal commercial and industrial vehicle traffic, including semi-tractor trucks.
The pavement will be continuous with foundations and related concrete
structures that are left in place post-demolition. In addition, any significant
breaches in the integrity of existing foundations, pads, or other concrete
structures within the cover footprint will be repaired as a part of cover
construction. The pavement and existing at-grade concrete structures together
will comprise the soil cover in the Process Area. The anticipated footprint of
this cover is shown on Figure 7.

= A soil cover consisting of geotextile overlain with approximately one foot of
clean, low permeability soils, which will line the storm water collection ditch area
on the southeast portion of the process areas (Figure 7). This geotextile/soll
cover will be graded to maintain drainage to the south, and revegetated. Until
revegetation is complete, the area will be monitored for excessive erosion, and
repaired as needed.

» Institutional controls, including deed notices, ordinances, restrictive covenants,
and other applicable measures, that would:

¢ Provide information to potential future buyers of the Facility property of
the presence and location of soil COCs.

¢ Limit the use of the Facility property to commercial/industrial activities,
and prohibit certain non-industrial commercial uses (e.g., health care or
children’s day care) that would create an unacceptable risk scenario.

AMEC Geomatrix, Inc.
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¢ Require the installation and maintenance of site control and security
measures, such as fencing, to limit public access to the Facility property.
These institutional controls would also limit activities that could disturb
either the soils or the cover described above. Require the prompt and
complete repair of any disturbance of the soil cover

¢ For any any activity that would involve soil disturbance, require:

— A characterization of the levels of COCs in soil or water that
would be contacted during the disturbance activity.

— The utilization of personnel, equipment, and methods
appropriate for work with soils containing those COCs.

— The management of soils, waters, or similar wastes generated
from such activities in a manner that complied with state and
federal regulations.

¢ Impose requirements for any new construction where there is the
potential for unacceptable vapor intrusion risks. Within these areas, the
design and construction of any new buildings or similar enclosed
structures would have to include controls to limit the intrusion and
accumulation of VOC vapors from underlying soils. The controls could
include, but would not be limited to:

— An assessment of soil vapor levels at the specific location of the
planned structure,

— The construction of passive venting systems for crawlspaces, the
exclusion of basements, and/or

— The use of vapor barriers and VOC sensor/alarm systems.

As depicted in Figure 7, these institutional controls would be implemented
across the entirety of the Facility property, with the exception of the wooded
area west of the Wastewater Treatment Ponds.

Effectiveness of Exposure Controls

Once started, the engineering controls (soil cover and geotextile/soil cover) could be
implemented using conventional construction techniques over an estimated period of three
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months. Construction of these controls cannot be started, however, until demolition of site
structures is complete. It may be further delayed if remedy alternatives are selected that
would include excavation or other disturbance of the areas planned for the soil cover and
soil/geotextile cover. Since all of the institutional controls described above would affect on-
property areas only, no negotiation or other interaction with other property owners would be
required for their implementation. Given this, these institutional controls could presumably be
rapidly put into place.

The primary purpose of these controls is to reduce the potential for direct contact to soils by
workers and other potential receptors, and reducing the potential for vapor-intrusion exposures
in future construction. Both engineering and institutional controls would become effective in
controlling exposures immediately upon implementation, and would remain effective as long
as they were maintained. They would therefore be effective over both the short and long term.

In addition to controlling direct contact and vapor intrusion risks, the engineering controls (soil
cover and geotextile) would likely have the added benefits of:

= Improving storm water runoff quality, which would simplify the future management of
storm water at the Facility.

= Reducing the infiltration of storm water through shallow soils, which would, in turn,
reduce the flux of soil COCs to the Perched Zone and Alluvial Aquifer and help to
reduce the concentrations of these COCs in groundwater.

In order to maintain the effectiveness of the engineering controls, regular inspections would be
required, as well as avoiding activities that could damage the soil cover or geotextile, and
repairing any such damage that may occur. The need to avoid damage to the soil cover would
also potentially limit the types of construction activities that could occur in these areas of the
site, and therefore preclude certain types of reuse.

AMEC Geomatrix, Inc.
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Cost of Exposure Control

The cost to implement soil exposure control is approximately $3.0 Million. This includes costs
for legal preparation and filings and related engineering work to implement institutional
controls, which is assumed to be $25,000. Costs to maintain engineering controls were
calculated to be $5,000 per year, although these costs will depend on many variables that are
difficult to predict. At the conclusion of the remedy period, we assume that the soil cover and
geotextile would be left in place; no decommissioning costs would therefore be required for
these engineering controls. The removal of institutional controls would be largely a legal
exercise, and is assumed to cost $15,000.

Please note that these costs do not include the demolition and removal of the aboveground
portions of site structures, since these costs are addressed in another remedy element specific
to demolition. They also do include any costs for long term groundwater monitoring, as these
costs are addressed in remedy alternatives that describe monitored natural attenuation.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.

AMEC Geomatrix, Inc.
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Soil Remedy Alternative S2 —In Situ Stabilization

The in situ stabilization (ISS) approach is not intended to remove or destroy COCs in sails,
although some loss of VOCs from evaporation during soil mixing is a common ancillary effect
of this remedy. Instead, ISS is intended to reduce the leachability and mobility of COCs in soil.
With their mobility reduced, COCs are less likely to migrate from soils to groundwater,
effectively reducing the source of groundwater impact. Stabilized soils also typically pose a
lower risk than unstabilized soils with respect to both vapor intrusion and direct exposure.

ISS would require the removal of all surface improvements (including foundations),
pavements, utilities, and other infrastructure in the areas to be treated. Once this removal is
completed, soils would be excavated and mixed with a stabilizing material (the stabilant) using
specially-equipped augers, trackhoes, or other equipment. This mixing would be performed
primarily within the boundaries of the soil excavation. The stabilant may be fly ash, Portland
cement, or another pozzolanic material. The preferred stabilant and mix ratios to meet
remedial goals would be determined as a part of the Remedial Design process (see Section
10.0). Excavation and mixing would extend to approximately the top of the Perched Zone, at a
typical depth of 17 feet.

At the conclusion of ISS, soils would be graded for desired drainage and remain in place within
the excavation. Note that ISS often results in a slight volumetric increase in soil volume, so
there may be a slight increase in the ground surface elevation within the ISS area.

At the Facility, ISS could be performed as either an area-wide or a focused approach. These
differ as follows:

= Area-wide approach — This approach would address the entire Process Area
portion of the Facility, as shown on Figure 8A.

» Focused approach — This approach would target specific areas (“hot spots”)
known to represent areas of waste disposal or elevated COCs, and stabilize
those areas. For example, as shown on Figure 8B, ISS would target the
Former Dinoseb Disposal Pond area. This approach would not attempt to
address all areas of soil contamination at the Facility, but to immobilize a large
fraction of the soil COCs through the stabilization of a geographically defined
source area.

Effectiveness of In Situ Stabilization

ISS could be completed under an area-wide approach over a period of approximately 14
months, but could not commence until demolition and other remedy-related activities were
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completed across the Process Area. If the focused approach was utilized, the work area
would be much smaller, and the timeframe would be much shorter—approximately 4 months.

Assuming the stabilant and mix ratios were effective in stabilizing the soils, this approach
should reduce the leachability and mobility of soil COCs immediately upon completion. This
effect should continue for several decades, depending on the stabilant used. ISS will likely
not, however, result in an immediate reduction in groundwater COC levels. Such a reduction
should occur, but may require a period of years to observe in the Perched Zone, and even
longer in the Alluvial Aquifer.

Stabilized soils may pose less of a threat through direct exposure to future site workers and
other receptors, since COCs are more firmly “bound” to the soil particles, and may therefore
be less capable of migrating from the stabilized soils to receptors via skin absorption, dust
generation, etc. This magnitude of this reduction is, however, difficult to predict until
treatability tests are completed.

It should also be noted that ISS will not be effective in immobilizing or otherwise treating soil
COCs outside the specific area where it is performed. There are localized areas, such as in
the vicinity of the former laboratory (Figure 3) where elevated COCs are present. Under either
the area-wide or focused “hot spot” approach, these localized areas would remain in place
unchanged. Unless all of the areas exhibiting elevated soil COC levels at the Facility are
stabilized, therefore, soil COCs will remain present as potential sources of groundwater
contamination.

In summary, ISS would have both good short term and long term effectiveness in reducing the
direct contact and vapor intrusion risks posed by soil COCs in the treatment area. It would
have low short term effectiveness, but good long term effectiveness in improving groundwater
guality at the site. This remedy will have to be maintained in perpetuity to continue to be
effective. If the stabilant used begins to break down over time, therefore, it may be necessary
to repeat the ISS process to maintain the effectiveness of the remedy.

Cost of In Situ Stabilization

The cost to perform ISS under the area-wide approach depicted on Figure 8A is approximately
$8.7 Million, and under the focused “hot spot” approach depicted in Figure 8B is approximately
$2.1 Million. Note that these costs do not include the costs of removing buildings and above-
ground structures, since those demolition costs are addressed as a part of another remedy
element (see Section 7.0 of this FS). These costs do include, however, the removal of slabs,
pavement, and other at-grade and below-grade structures from the excavation footprint.

There should be no on-going costs for operations and maintenance of the remedy, and no
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costs for decommissioning the remedy. Costs for a repeat of ISS, if necessary, are not
included.

A breakdown of these implementation costs is provided in Appendix B.
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Soil Remedy Alternative S3—Excavation with Off-Site Disposal as Solid Waste

Excavation with off-site disposal permanently removes soil COCs from the Facility, through
bulk removal of contaminated soils and their permanent placement in an off-site disposal
facility. Excavation with off-site disposal would require the removal of all surface
improvements (including foundations), pavements, utilities, and other infrastructure. Once this
removal is completed, soils would be excavated and segregated by waste classification (i.e.,
hazardous vs. non-hazardous). Hazardous and non-hazardous waste soils would remain
segregated through the remainder of the remedy process. Soils would be transferred to
container trucks and transported from the site to licensed hazardous and non-hazardous solid
waste disposal facilities. Excavation would extend to approximately the top of the Perched
Zone, at a typical depth of 17 feet.

Soils from the sidewalls of the resulting excavation would be analyzed at completion to confirm
that cleanup objectives had been met, with additional excavation as necessary to address any
locations identified to still have elevated COCs. As soil removal was completed, the
excavation would be backfilled with clean fill. This fill would have to be purchased and
imported from a local supplier, since there is no on-site source of backfill. Backfill would be
graded for desired drainage.

Like ISS, excavation could be performed in either an area-wide or a focused “hot spot”
approach. These differ as follows:

= Area-wide approach — This approach would address the entire Process Area
portion of the Facility, as shown on Figure 9A.

» Focused approach — This approach would target specific areas (“hot spots”)
known to represent areas of waste disposal or elevated COCs, and remove
soils from those areas. For example, as shown on Figure 9B, excavation would
target the Former Dinoseb Disposal Pond area. This approach would not
attempt to address all areas of soil contamination at the Facility, but to remove
a large fraction of the soil COCs through the excavation of a geographically
defined source area.

Effectiveness of Excavation with Off-Site Disposal as Solid Waste

Excavation with off-site disposal could be completed under an area-wide approach over a
period of approximately 14 months. If the focused “hot spot” approach was utilized, the work
area would be much smaller, and the timeframe would be much shorter—approximately 4
months.
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Because the soil COCs within the excavation area would be completely and permanently
removed from the Facility, direct contact and vapor intrusion risks would be eliminated for soils
within the excavation area. The removed soils would also no longer function as a source of
groundwater contaminants. As with ISS, excavation will likely not, however, result in an
immediate reduction in groundwater COC levels. It will likely require a period of years to
observe water quality improvements in the Perched Zone, and potentially even longer in the
Alluvial Aquifer.

It should also be noted that this approach will not mitigate the presence of soil COCs outside
the specific excavation area. Unless all of the areas exhibiting elevated soil COC levels at the
Facility are removed, therefore, soil COCs will remain present both as potential risk issues and
as potential sources of groundwater contamination.

In summary, excavation with off-site disposal would have good short- and long-term
effectiveness in reducing risk issues associated with direct soil contact, and good long-term
effectiveness (but not short-term) in reducing groundwater COC levels.

Cost of Excavation with Off-Site Disposal as Solid Waste

The cost to perform excavation with off-site disposal under the area-wide approach depicted in
Figure 9A is $50.0 Million, and under the focused “hot spot” approach depicted in Figure 9B is
$11.9 Million. Note that these costs do not include the costs of removing buildings and above-
ground structures, since those demolition costs are addressed elsewhere (see Section 7.0 of
this FS). These excavation costs do include, however, the removal of slabs, pavement, and
other at-grade and below-grade structures from the excavation footprint. There should be no
on-going costs for operations and maintenance of the remedy, and no costs for
decommissioning the remedy.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.

AMEC Geomatrix, Inc.

21



Soil Remedy Alternative S4—Soil Vapor Extraction

Soil vapor extraction, or SVE, utilizes wells or trenches to extract the air that fills much of the
pore space in soils above the water table. As this air is withdrawn, vapor-phase COCs
contained in the air are also removed. This removal will continue as evaporation of COCs in
the subsurface transfers more chemical mass into the air being removed. SVE is most
effective in relatively permeable material, and on volatile chemicals. Ancillary reductions of
semi-volatile organics are sometime observed due to biologic action, however, in cases where
SVE increases the oxygen content in soil gas.

The primary objective of SVE would be to improve groundwater quality by reducing the mass
of VOCs that could ultimately reach Perched Zone and Alluvial Aquifer groundwater. SVE
would also reduce vapor intrusion risks at the Facility, by reducing the mass of VOCs that
behave as a source of organic vapors.

Given the primary objective cited above, SVE would be performed at locations with elevated
VOC:s either in soils or in the underlying Perched Zone groundwater (we are assuming that
areas with elevated VOCs in Perched Zone groundwater are likely to be overlain by elevated
VOCs in soils). The SVE system configuration under this area-wide approach is shown on
Figure 10A. Alternatively, Figure 10B depicts how SVE could be focused on areas of elevated
1,2-DCA, in particular, rather than on volatile COCs in general. Under this focused approach,
the SVE work would be concentrated in two areas based on Perched Zone groundwater levels
of 1,2-DCA: at the former Unit 6, and at the former Unit 4 and 5 area.

Based on the shallow depth to water and high clay content of soils at this location, SVE will
utilize a close extraction well spacing and relatively low vacuum pressures. For the purposes
of this FS, a well spacing of approximately 20 feet and vacuums of approximately 40 inches of
water are assumed. The extraction wells will be manifolded to the suction side of an
extraction/treatment unit. Water condensing from the extracted vapor will be routed via a
moisture knockout system to an aboveground tank. This water will be periodically collected for
discharge to the Publicly Owned Treatment Works (POTW) intake at the Facility, subject to
approval by the POTW operator.

Depending on the mass and character of VOCs removed and emitted to the atmosphere, it
may be necessary to obtain an air emissions permit and/or perform emissions treatment in
order to operate an SVE system. Emissions treatment options include activated carbon or
thermal oxidation with scrubbing. The need for permitting and emissions treatment is more
likely with larger systems (i.e., with the area-wide approach), since most emissions criteria are
mass-based, with thresholds set in terms of tons of pollutant per year or pounds of pollutant
per day.
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The actual system specifications and operating parameters will be developed as a part of
Remedial Design (discussed in Section 10.0). This will include any pilot testing and other
activities needed to develop a final system design, as well as operating protocols.

Effectiveness of Soil Vapor Extraction

The short-term effectiveness of SVE as a remedy at the Facility will likely be poor, due to two
factors:

= The Facility soils have a low permeability, so vapor removal from those soils will be
slow. This means that the times required to achieve reductions in COC levels in soils
and Perched Zone groundwater will be longer than those for a site with more
permeable soils.

= SVE is primarily effective on volatile organics, and would not be expected to have any
significant effect on the semivolatile or metal COCs present in soils and shallow
groundwater.

Over the long-term, by contrast, SVE will likely have good effectiveness in reducing VOC
levels in soils, which would be expected to result in a long-term reduction in levels of those
COCs in underlying Perched Zone and Alluvial Aquifer groundwater. By reducing VOC mass,
SVE will also be effective over the long-term in reducing the potential for vapor intrusion-based
risks associated with Facility soils.

At this Facility, SVE would be difficult to implement on an area-wide basis (i.e., for all areas
where elevated VOCs are observed). Under such an area-wide approach, as shown in Figure
10A, SVE would require an extremely large number of wells, with a correspondingly large and
complex piping system to connect all those wells to the vacuum pumps. The result would be a
widespread and complicated structure that would be difficult to maintain and repair.

In addition, the presence of these wells and piping would potentially interfere with other
remedy activities, such as soil cover construction and building demolition. This could require
that the implementation of an area-wide SVE system be delayed until after other remedy
elements are completed. The SVE system would also significantly impede any reuse of the
portion of the Facility being treated with SVE. All of these factors would be less of a concern
for SVE implementation across a localized area, as in the focused approach shown in Figure
10B.

The installation of the SVE system for the area-wide approach would require approximately 9
months. Approximately 5 months would be required to construct the SVE system for the
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focused approach. Because SVE removes COCs from soils, the improvements observed by
SVE would be permanent.

In summary, SVE used in a localized approach to treat specific VOC source areas would likely
have good long-term effectiveness in reducing both soil and groundwater concentrations of
those VOCs, and reducing vapor intrusion-related risks. An area-wide approach, in contrast,
would be difficult to implement and maintain and would interfere with both site reuse and
potentially other remedy activities. This approach is therefore considered to have poor
effectiveness.

Cost of Soil Vapor Extraction

The cost to install an area-wide SVE system across all locations with elevated VOCs (see
Figure 10A) is approximately $6.2 Million. This cost includes costs for permitting and for
installation of an air emissions treatment. For treatment of the two elevated 1,2-DCA source
areas at Unit 6 and Units 4/5, a more localized SVE system (see Figure 10B) would cost
approximately $1.4 Million. Because this is a smaller system, these costs assume that
emissions could be addressed without any exceptional permitting effort, and without emissions
treatment.

Annual operations and maintenance costs are estimated to be approximately $1.4 Million for
the area-wide approach, and approximately $517,000 for the focused approach that targets
1,2-DCA source areas. Decommissioning, including plugging and abandonment of all
extraction wells, and removal of all piping and systems, would require approximately $951,000
for the area-wide approach, and approximately $375,000 for the 1,2-DCA source area
approach.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Soil Remedy Alternative S5—No Further Action

Under a No Further Action (NFA) approach, no remedy would be implemented to address
COCs in soils. Soils would be left in their existing condition, with no additional measures taken
to reduce COC concentrations, and no controls implemented to limit potential public exposure
to the soils, or to vapor intrusion risks associated with the soils.

Effectiveness of No Further Action

In their current condition, soils contain areas with levels of COCs that exceed criteria for safe
exposure. In addition, soils are believed to be an on-going source of COC contribution to the
underlying Perched Zone and Alluvial Aquifer groundwater. Finally, soils could be a source of
vapor intrusion risks for future construction within portions of the Facility. In short, there are
soil conditions at the Facility that should not be allowed to remain in an untreated or
uncontrolled condition.

An NFA approach would have no short- or long-term effectiveness in addressing these
conditions.

Cost of No Further Action

Because no action would be taken to address soil COCs or exposures, there would be no
implementation, operations, or decommissioning costs associated with NFA.
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6.2 PERCHED ZONE GROUNDWATER

The hydrogeologic characteristics of the Perched Zone are described in detail in Section 4.0 of
the FI Report. In general, this zone is a low yielding, unconfined groundwater-bearing zone
comprised of clays and silts extending from ground surface to approximately 30 to 40 feet bgs.
The Perched Zone is not known to be used locally for water supply, and based on the
extremely low hydraulic conductivities and corresponding low well yields observed in the
Perched Zone, it is not realistic to expect that it would be so used in the future.

Based on groundwater samples collected both during the Fl, and as discussed in Section 5.0
and Appendix A, only chloroform and 1,2-DCA are present in groundwater at concentrations
above RBCs. The risk posed by these COCs is based on possible exposure via vapor
intrusion, i.e. evaporation of volatile COCs from Perched Zone groundwater, and accumulation
of the resulting vapors in indoor air space used by personnel. Figure 5 shows the locations
where chloroform and 1,2-DCA are known to exceed screening criteria in Perched Zone
groundwater.

The following remedy alternatives were evaluated for Perched Zone groundwater:
Perched Zone Groundwater Remedy Alternative P1—Exposure Control
Perched Zone Groundwater Remedy Alternative P2—Monitored Natural Attenuation
Perched Zone Groundwater Remedy Alternative P3—In Situ Chemical Oxidation
Perched Zone Groundwater Remedy Alternative P4—In Situ Enhanced Biodegradation
Perched Zone Groundwater Remedy Alternative P5—Hydraulic Control
Perched Zone Groundwater Remedy Alternative P6—Permeable Reactive Barriers
Perched Zone Groundwater Remedy Alternative P7—No Further Action

A discussion of each alternative is provided below.
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Perched Zone Groundwater Remedy Alternative P1—Exposure Control

As discussed above, the exposure pathway of concern for Perched Zone COCs is via vapor
intrusion. Vapor intrusion exposures can be controlled through various engineering and

institutional controls, such that this pathway remains incomplete.

At the Facility, the primary area where COCs (1,2-DCA and chloroform) exceed vapor
intrusion RBCs is throughout the northern Process Area (see Figure 5). In addition, a
localized area to the west of the Process Areas also exhibits an RBC exceedance. In these
areas, exposure control would consist of institutional controls. These would include deed
notices, ordinances, restrictive covenants, and other applicable measures that would:

¢ Provide information to potential future buyers of the Facility property of the presence
and location of Perched groundwater COCs.

e For any any activity that would involve disturbance of Perched Zone groundwater,
require:

(0]

A characterization of the levels of COCs in soil or water that would be contacted
during the disturbance activity.

The utilization of personnel, equipment, and methods appropriate for work with
soils containing those COCs.

The management of soils, waters, or similar wastes generated from such
activities in a manner that complied with state and federal regulations.

¢ Impose requirements for any new construction where there is the potential for
unacceptable vapor intrusion risks. Within these areas, the design and construction of
any new buildings or similar enclosed structures would have to include controls to limit
the intrusion and accumulation of VOC vapors from underlying Perched Zone
groundwater. The controls could include, but would not be limited to:

(0]

An assessment of soil vapor levels at the specific location of the planned
structure,

The construction of passive venting systems for crawlspaces, the exclusion of
basements, and/or

The use of vapor barriers and VOC sensor/alarm systems.
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In addition, institutional controls would prohibit the production of Perched Zone groundwater
for drinking water supply across the entire Facility property.

Effectiveness of Exposure Control

Since all of the institutional controls described above would affect on-property areas only, no
negotiation or other interaction with other property owners would be required for their
implementation. Given this, these institutional controls could presumably be put into place
very rapidly. These institutional controls would become effective in controlling exposures
immediately upon implementation, and would remain effective as long as they were in place.
They would therefore be effective over both the short and long term.

Cost of Exposure Control

The cost to impose exposure controls to the pertinent portions of the Facility to address vapor
intrusion risks from Perched Zone groundwater is $25,000. These costs primarily address
legal filings and some technical support. This figure does not include the costs for engineering
controls for vapor monitoring, exclusion, and removal within new buildings constructed in the
control areas shown on Figure 5, since it is assumed that those costs will be incorporated into
the building construction. No costs are included for the installation of engineering controls in
existing buildings, since all existing buildings within the vapor intrusion risk areas will be
demolished. Decommissioning, consisting of the removal of institutional controls, is also
assumed to be $5,000.
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Perched Zone Groundwater Remedy Alternative P2—Monitored Natural Attenuation

Monitored natural attenuation (MNA) allows natural processes, without human intervention, to
reduce COC concentrations and/or mass. The natural processes involved may be physical,
chemical, or biologic, and can include biodegradation, hydrolysis, dilution, sorption, and
volatilization. As a part of this remedy alternative, groundwater is routinely monitored to
confirm that these attenuation processes are continuing to be effective.

The monitoring network for MNA will utilize selected existing Perched Zone wells (including
wells installed as a part of the FI) located in and near the areas where COC exceedances are
observed. Analytes will consist of a target list of those COCs that exceed risk screening
criteria. Monitoring data will be periodically evaluated to confirm that attenuation is occurring,
with evidence of such attenuation including any or all of the following:

= Areduction in the area or footprint within which COCs exceed risk screening criteria.
= Areduction in the number of COCs present that exceed risk screening criteria.
» A reduction in the maximum or overall concentrations of COCs.

Monitoring data and their evaluation will be reported annually or biannually (depending on
monitoring frequency) to ADEQ. If data trends over a sustained period do not support the
conclusion that attenuation is occurring, then a re-evaluation of this remedy will be required.
The wells to be utilized, monitoring parameters, monitoring schedule, evaluation methods,
reporting schedule, timeframe, and potential trigger conditions for remedy re-evaluation will be
developed and specified during the Remedial Design discussed in Section 10.0.

Effectiveness of Monitored Natural Attenuation

Although the data in hand suggest that attenuation may already be occurring within the
Perched Zone, additional data acquisition from long-term monitoring will be required to confirm
whether this process will be effective in meeting remedial objectives. MNA can be a lengthy
process, with some recalcitrant chemicals (such as chlorinated hydrocarbons and pesticides)
requiring years or even decades to decline below RBCs. While MNA may be effective over
the long-term, because of the timeframes required, MNA will have little to no effectiveness
over the short term.

It should also be noted that the long-term effectiveness of any remedy approach in the
Perched Zone will depend upon the effectiveness of the remedy approach selected for the
overlying soils. If the soil remedy or remedies selected do not reduce the mass and/or mobility
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of COCs, then those COCs will likely continue migrate downward to the Perched Zone. This
could off-set or even negate any improvements in water quality observed as a result of MNA.

Cost of Monitored Natural Attenuation

Because MNA in the Perched Zone will utilize existing wells, there is no capital cost to
implement this remedy. Annual operations and maintenance costs, consisting primarily of
regular monitoring well sampling and reporting, are estimated to be $160,000.
Decommissioning, including plugging and abandonment of all existing Perched Zone
monitoring wells, is estimated to cost $168,000.

A breakdown of these annual and decommissioning costs is provided in Appendix B.

AMEC Geomatrix, Inc.

30



Perched Zone Groundwater Remedy Alternative P3—In Situ Chemical Oxidation

Chemical oxidation relies on the delivery of a powerful oxidant, such as hydrogen peroxide,
sodium persulfate, or potassium permanganate, to chemically break down COC molecules.
The oxidant is normally delivered by injecting a chemical solution into the subsurface via wells
or trenches. Because oxidants will readily react with any material that can be oxidized,
including organic matter and some minerals, they will be consumed and not persist for
extended periods in soils and groundwater. The injection point must therefore be close
enough to the targeted COCs for the oxidant to reach its destination before breaking down. In
low transmissivity strata like the Perched Zone, this will require a very dense well spacing. In
heterogeneous sails, this problem is exacerbated, since the oxidant solutions will tend to
preferentially follow the more permeable strata within the water-bearing zone. Under these
conditions, the oxidants may never reach COCs residing in less permeable strata.

The conceptual layout of the oxidant injection wellfield for the Facility is shown on Figure 11.
Given the low transmissivity of the Perched Zone, a dense well spacing (25 ft grid) is
assumed, with each well location representing a cluster of injection wells screened across
multiple depths to achieve vertical coverage within the Perched Zone. Itis also anticipated
that multiple injection episodes will be required to achieve reasonable delivery of the oxidant to
COC locations within the Perched Zone.

Effectiveness of In Situ Chemical Oxidation

It is estimated to require approximately 9 months to install the injection wellfield, piping, and
injection facility shown on Figure 11. Once injection of oxidant commences, the large areas to
be treated, the low hydraulic conductivity of the Perched Zone, and its heterogeneous nature
will all be factors working against effective and complete oxidant delivery. Despite this, it is
likely that a short-term reduction would be observed for COC concentrations in Perched Zone
groundwater. This is a common result of chemical oxidation, as the COC mass in the more
permeable and accessible portions of the water-bearing zone is broken down. If oxidant is not
distributed throughout the less permeable portions of the Perched Zone, however, COC
concentrations will gradually rebound once again to elevated concentrations.

Based on this analysis, in situ chemical oxidation is not considered to be a feasible alternative
for the Perched Zone: the short-term effectiveness of in situ chemical oxidation may be good,
but the long term effectiveness will likely be poor.

In addition, the presence of the extensive wellfield required (see Figure 11) would restrict the
implementation of other remedy elements (e.g., the soil cover) within the chemical oxidation
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area until injection is completed. Given the need for a lengthy chemical oxidation injection
period, this may mean lengthy delays in implementing other remedy elements.

Finally, it should be noted that the long-term effectiveness of any remedy approach in the
Perched Zone will depend upon the effectiveness of the remedy approach selected for the
overlying soils. If the soil remedy or remedies selected do not reduce the mass and/or mobility
of COCs, then those COCs will likely continue migrate downward to the Perched Zone. This
would reverse any short-term improvements observed from this or other Perched Zone
remedy alternatives.

Cost of In Situ Chemical Oxidation

The cost to install the chemical oxidation injection system across all locations with elevated
COC:s (see Figure 11) is approximately $3.7 Million. This cost includes costs well, piping, and
injection system installation. Operations and maintenance costs, including oxidant, are
estimated to be $3.3 Million per year. Decommissioning, including plugging and abandonment
of all injection wells, is estimated to cost approximately $1.6 Million. Note that this does not
include the costs of on-going Perched Zone groundwater monitoring, as those costs are
included in Remedy Alternative P2—Monitored Natural Attenuation.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Perched Zone Groundwater Remedy Alternative P4—In Situ Enhanced Biodegradation

In situ enhanced biodegradation would be performed by adding a source of carbon to the
water-bearing zone; this carbon helps to stimulate biological conditions that degrade or
consume COCs in the Perched Zone. One possible mechanism for this breakdown is for the
carbon addition to stimulate the growth of methanogenic microbes. These generate methane
as a waste byproduct, which in turn is consumed as a substrate (food source) by
methanotrophic microbes. 1,2-DCA can be co-metabolized by these methanotrophs along
with methane. Although 1,2-DCA has been shown to degrade under both anaerobic and
aerobic conditions, we have assumed that anaerobic conditions would be most effective in
accelerating 1,2-DCA degradation at the Facility.

As a part of the Remedial Design process (see Section 10.0), a treatability study would be
performed to determine the most appropriate carbon source, carbon dosing, and delivery
method. To achieve the desired conditions, carbon would be slowly amended into the
groundwater via injection wells across the areas of COC exceedances (Figure 12). Unlike
short-lived chemical oxidants, the geochemical changes derived from carbon amendment tend
to be more persistent. The low permeability of the Perched Zone, however, will still impede
effective oxidant delivery, and require the installation of a large number of injection well
clusters. A well cluster spacing of 20 ft centers would be used for those areas where 1,2-DCA
concentrations in groundwater exceed 10,000 micrograms per liter (ug/l), with a spacing on 40
to 50 ft centers for the remaining areas. Each well cluster would consist of three wells,
screened so as to provide vertical coverage of the entire Perched Zone thickness.
Carbohydrate will be injected in multiple episodes, allowing it to gradually disperse through the
Perched Zone.

Effectiveness of In Situ Enhanced Biodegradation

As with chemical oxidation, the large areas to be treated, and the low hydraulic conductivity
and heterogeneity of the Perched Zone will all be factors working against effective and
complete carbohydrate delivery. There is also no certainty that the appropriate microbial
populations are present to facilitate 1,2-DCA breakdown, or that they can be adequately
stimulated by this approach. The persistence of carbohydrate amendment vs. chemical
oxidants, however, suggest that it would be less likely to experience the rebound affect
discussed for Remedy Alternative P2.

Installing the injection well system and performing the initial carbohydrate loading would
require approximately 6 months. Once operational, and assuming that microbial populations
respond to this method, enhanced biodegradation would likely reduce COC concentrations
over both the short- and long-term. There is no certainty however, that they will reduce COC
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levels sufficiently to fall below applicable RBCs. Injection will probably need to continue for
several years to ensure that carbohydrate is delivered to a sufficient volume of the Perched
Zone.

In summary, while it is likely that in situ enhanced biodegradation will reduce concentrations of
COCs, it may not be effective in either the short or long term in reducing them sufficiently to
avoid some requirement for other remedy elements, such as exposure controls.

In addition, as with chemical oxidation, the presence of the extensive wellfield shown in Figure
12 would restrict the implementation of other remedy elements (e.g. soil cover) planned for the
carbohydrate injection footprint. Given that the carbohydrate injection period is likely to be
several years, this may substantially delay other parts of the remedy.

Finally, as discussed in the previous sections, the long-term effectiveness of any remedy
approach in the Perched Zone will depend upon the effectiveness of the remedy approach
selected for the overlying soils. If the soil remedy or remedies selected do not reduce the
mass and/or mobility of COCs, then those COCs will likely continue migrate downward to the
Perched Zone. This would reverse any short-term improvements observed from this or other
Perched Zone remedy alternatives.

Cost of In Situ Enhanced Biodegradation

The cost to install the carbohydrate injection system across all locations with elevated COCs
(see Figure 12) is approximately $3.2 Million. This cost includes well installation and the initial
carbohydrate loading. Operations and maintenance costs are estimated to be approximately
$1.8 Million per year, including the cost of periodic carbohydrate reinjections. Note that this
does not include the costs of on-going Perched Zone groundwater monitoring, as those costs
are included in Remedy Alternative P2—Monitored Natural Attenuation. Decommissioning,
including plugging and abandonment of all injection wells, is estimated to cost approximately
$1.7 Million.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Perched Zone Groundwater Remedy Alternative P5—Hydraulic Control

Hydraulic control in the Perched Zone would be intended to reduce the potential for elevated
COCs to migrate laterally to new on- and off-site areas. In any water-bearing zone, hydraulic
control is achieved by pumping groundwater via wells or trenches at a rate that exceeds the
natural flow of groundwater.

With respect to the Perched Zone, the low transmissivity and relatively flat gradient indicate
that existing groundwater velocities are relatively low. Individual pumping wells would likely
have very small areas of influence in the low permeability Perched Zone soils. For this
reason, French drain-type trenches, rather than wells, would likely be the most effective
approach for groundwater pumping. These would be installed using a one-pass trenching
operation to excavate to a depth of approximately 35 feet (roughly the base of the Perched
Zone). In the same pass as excavation, the trenching equipment would simultaneously lay a
flexible perforated pipe into the base of the trench and backfill the trench’s lower portion with
gravel or other permeable fill material. The flexible perforated pipe would be connected to a
sump or well that can be pumped to remove water from the entire trench.

As shown on Figure 13, we expect that this approach would require the placement of two
trenches: one along the southern edge of Process Units 1 through 5, and the other at Process
Unit 6.

Water pumped from these trenches would contain COCs, so it would require treatment before
being surface discharged. The degree of treatment would depend upon the discharge criteria
stipulated in a permit obtained for this activity, and on the levels of COCs present in the
pumped water. The details of the treatment approach would be developed as a part of the
Remedial Design process discussed in Section 10.0. Given the nature of the COCs present,
however, the treatment options would likely include air stripping with an activated carbon
polish. If this treatment was utilized, air emissions from the stripper could be subject to the
same requirements for permitting and treatment that are discussed under Soil Remedy
Alternative S4 — Soil Vapor Extraction.

Installation of the hydraulic control system would require approximately one month, not
including any time required for fabrication and delivery of the treatment system.

Effectiveness of Hydraulic Control

For organic COCs such as those present in the Perched Zone, it is generally accepted that
groundwater pumping has relatively little effect on reducing contaminant mass or effecting
long-term improvements in water quality. The primary purpose of a groundwater pumping
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approach at the Facility would therefore not be cleanup, but rather to reduce potential for
COCs to migrate laterally.

Hydraulic control would be unnecessary (and therefore ineffective) to prevent COCs from
migrating laterally to new areas, since the low transmissivity of the Perched Zone is already
achieving this effect without human intervention. As described in the FI Report, Perched Zone
groundwater impact is largely contained within the Facility boundaries, and is anticipated to
remain there.

Hydraulic control would not substantially the downward migration of groundwater and COCs to
the Alluvial Aquifer, would not eliminate the need for other Perched Zone groundwater
remedies, such as Exposure Control, and would have no significant impact on vapor intrusion-
based risks. Finally, to the extent that there were any positive effects of hydraulic control, they
would only persist as long as the pumping was continued. At the conclusion of pumping, the
COC concentrations in groundwater would gradually re-equilibrate with those in soils, returning
to levels above RBCs.

In summary, hydraulic control is considered to have poor short- and long-term effectiveness
for meeting remedial objectives with respect to Perched Zone groundwater.

Cost of Hydraulic Control

The cost to install the pumping system depicted in Figure 13 is estimated to be approximately
$1.6 Million. This cost includes trenching, treatment system installation, permitting, and
disposal of excess soils generated by excavation. Operations and maintenance costs are
estimated to be approximately $166,000 per year. Note that this does not include the costs of
on-going Perched Zone groundwater monitoring, as those costs are included in Remedy
Alternative P2—Monitored Natural Attenuation. Decommissioning, including removal of
shallow and surficial structures, is estimated to cost $367,000. This assumes that the trench
would be left in place, with removal of the sumps and treatment plant.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Perched Zone Groundwater Remedy Alternative P6—Permeable Reactive Barriers

Permeable reactive barriers, or PRBs, rely on either natural or induced flow of groundwater
through a vertical barrier. The barrier is constructed of a granular medium that reacts
geochemically with the chemicals dissolved in groundwater to either destroy them or alter
them to a less mobile or harmful form. Although various PRB media are in use today, metallic
iron is one of the more common. The optimal medium for the Perched Zone would be
selected through treatability testing as a part of the Remedial Design process (see Section
10.0). PRB may reduce, but not completely remove targeted COCs, and may not address all
chemicals present in groundwater.

As with Hydraulic Control, the primary objective of a PRB-based remedy is COC migration
control, rather than cleanup. A PRB can only address COCs in the groundwater that flows
through the reactive medium, and would not affect COCs in relatively immobile source areas.

As discussed earlier, groundwater velocities in the Perched Zone are relatively low. In
addition, as discussed in the FI Report (AMEC Geomatrix, February 2009), the groundwater
gradient in this zone varies across the Facility, with a broad trough spanning much of the
northern Process Area. Multiple PRBs would therefore be required to transect the areas of
groundwater COC exceedance (see Figure 14). PRBs would be installed across most or all of
the vertical extent of the Perched Zone, using either conventional or one-pass trenching
techniques. Each PRB would include monitoring well clusters immediately up- and
downgradient to measure the effect of the PRB on water quality.

One option would be to impose a desired gradient on the Perched Zone through installation of
pumping centers. This would add significant complexity and cost to the PRB approach, and
would be difficult to implement given the low transmissivity of this zone. For the purpose of
this FS, therefore, pumping to induce a gradient or enhance the existing gradient was not
considered as a part of this Remedy Alternative.

Effectiveness of Permeable Reactive Barriers

Permeable reactive barriers tend to be most useful in settings where groundwater is
advectively transporting COCs to points of exposure. The PRB can then be placed to cut off
that transport, and contain COCs within an area where the risk of exposure is lower. At the
Facility, as discussed in the FI Report and under Remedy Alternative P5, there appears to be
little to no lateral transport of COCs in Perched Zone groundwater, due to the low
transmissivity of this zone. Without significant advective groundwater movement, PRBs would
be largely ineffective in treating COCs. As with hydraulic control, PRBs appear to be largely
unnecessary (and therefore ineffective) to prevent the lateral movement of Perched Zone
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COCs, since natural conditions are already achieving this without any remedial action. As
described in the FI Report, Perched Zone groundwater impact is largely contained within the
Facility boundaries, and is anticipated to remain there.

Hydraulic control would not substantially the downward migration of groundwater and COCs to
the Alluvial Aquifer, would not eliminate the need for other Perched Zone groundwater
remedies, such as Exposure Control, and would have no significant impact on vapor intrusion-
based risks..

Based on these factors, PRBs would not be an effective remedy alternative for the Facility
over the short- or long-term, and would not meet remedial objectives.

Cost of Permeable Reactive Barriers

The cost to install the PRBs across into the Perched Zone (see Figure 14) is approximately
$1.2 Million. This cost includes construction, barrier media, and wells to monitor PRB
performance.

Operations and maintenance costs are estimated to be $74,000 per year. Note that this does
not include the costs of on-going Perched Zone groundwater monitoring, other than the small
number of wells installed in the immediate location of the PRBs. Costs for groundwater
monitoring across the Perched Zone are included in Remedy Alternative P2—Monitored
Natural Attenuation. Decommissioning, including plugging and abandonment of all PRB
monitoring wells, is estimated to cost $209,000. This assumes that the PRB would be left in
place, with only surface structures and the associated wells removed.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Perched Zone Groundwater Remedy Alternative P7—No Further Action

Under a No Further Action (NFA) approach, no remedy would be implemented to address
COCs in Perched Zone groundwater. Groundwater would be left in its existing condition, with
no additional measures taken to reduce COC concentrations, and no controls implemented to
limit potential public exposure to vapors that could potentially emanate from groundwater.

Effectiveness of No Further Action

In their current condition, there are areas of Perched Zone groundwater within the Facility
boudaries that contain with levels of COCs that exceed criteria for safe exposure. Although
these COCs appear unlikely to move laterally to off-site areas, Perched Zone groundwater is
believed to be an on-going source of COC contribution to the underlying Alluvial Aquifer
groundwater. In short, there are groundwater conditions in the Perched Zone at the Facility
that should not be allowed to remain in an untreated or uncontrolled condition.

NFA would have no short- or long-term effectiveness in addressing these conditions.
Cost of No Further Action

Because no action, including groundwater monitoring, would be taken to address Perched
Zone COCs or exposures, there would be no implementation, operations, or decommissioning
costs associated with an NFA approach.

AMEC Geomatrix, Inc.

39



6.3 ALLUVIAL AQUIFER GROUNDWATER

The hydrogeologic characteristics of the Alluvial Aquifer are described in detail in Section 4.0
of the FI Report. In general, this is a thick, highly transmissive and prolific sand and gravel
aquifer which is locally used for agricultural and industrial supply. Although the Alluvial Aquifer
is not currently used for domestic water supply in the vicinity of the Facility, there is currently
no restriction against future use for this purpose. As discussed in Section 5.0 and Appendix A,
assessment of risks posed by groundwater COCs in the Alluvial Aquifer therefore consider
exposure related to ingestion.

The primary COC present in off-site Alluvial Aquifer groundwater is 1,2-DCA. Given its extent
and the concentrations present, 1,2-DCA will likely be the primary COC driver for groundwater
management decisions at the Facility, both on- and off-site, for the duration of the Alluvial
Aquifer remedy performance. 1,2-DCA levels in excess of RBS are present in groundwater
extending from the Facility to beyond the downgradient (southeast) boundary of the Industrial
Park (Figure 6). An updated delineation of the boundary of this plume beyond the Industrial
Park was not undertaken as a part of the FI because of litigation filed by the subject property
owner.

As noted above, Alluvial Aquifer COCs are believed to derive from Perched Zone groundwater
and COCs leaking to the deeper zone.

The following remedy alternatives were considered for Alluvial Aquifer groundwater:
Alluvial Aquifer Groundwater Remedy Alternative A1—Exposure Control
Alluvial Aquifer Groundwater Remedy Alternative A2—Monitored Natural Attenuation
Alluvial Aquifer Groundwater Remedy Alternative A3—In Situ Enhanced Biodegradation
Alluvial Aquifer Groundwater Remedy Alternative A4—Hydraulic Control
Alluvial Aquifer Groundwater Remedy Alternative A5—In Situ Chemical Oxidation

Alluvial Aquifer Groundwater Remedy Alternative A6—No Further Action

A discussion of each alternative is provided below.
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Alluvial Aquifer Groundwater Remedy Alternative A1—Exposure Control

As discussed above, the exposure pathway of concern for Alluvial Aquifer COCs is via
potential ingestion. The potential ingestion exposure pathway could be rendered incomplete
by implementing institutional controls that prohibit the production of groundwater for domestic
or drinking water supply within the COC exceedance area. Under such controls, wells
producing water from the Alluvial Aquifer for these drinking water or domestic purposes could
not be installed or operated within the controlled area.

Specifically, such institutional controls could include:

= Deed notices to inform any future buyers of the presence of COCs in Alluvial Aquifer
groundwater on the subject property, as well as providing information regarding the
limitations on use and related controls that would apply to that groundwater.

= Deed notices, ordinances, restrictive covenants, or similar restrictions, imposed on all
on- and off-site areas where Alluvial Aquifer groundwater exceeds applicable risk
thresholds for 1,2-DCA, in order to:

o prohibit the use of Alluvial Aquifer groundwater for drinking water supply within
the controlled areas.

0 Require any drilling to or through the Alluvial Aquifer within the controlled area
to:

= Utilize procedures, such as surface casings, that will minimize the
transfer of COCs to deeper aquifers, and

=  Comply both with applicable health and safety regulations related to
potential worker contact with COCs in groundwater and with waste
management regulations.

Alluvial Aquifer institutional controls would be imposed across the area where 1,2-DCA
exceeds 5 micrograms per liter (ug/l). As of September 2008, this area spanned much of the
Facility and Industrial Park property, and extended an unknown distance under the property to
the southeast of the Industrial Park.

Effectiveness of Exposure Control

As discussed in Section 5.0 and Appendix A, there are no current unacceptable exposures to
COCs in Alluvial Aquifer groundwater, so the effectiveness of this and other remedy
alternatives must be evaluated with respect to potential future exposures. Institutional controls

AMEC Geomatrix, Inc.

41



could potentially be put into effect for on-property areas within weeks or a few months of
proceeding. Under some circumstances, however, negotiations with landowners for voluntary
consent to put controls in place on off-property areas, however, might add significant time to
this implementation under some circumstances. Exposure controls that rely on such consent
would not be effective until such negotiations could be completed, and this easily could require
several months to a year. Imposition of such controls by ordinance, administrative order, or
other legal mechanisms without landowner consent would likely also involve considerable
delays. As noted above, however, there are no current unacceptable exposures to Alluvial
Aquifer groundwater, so this time lag would not be likely to result in any unacceptable risks.

In summary, eliminating exposure routes using institutional controls would be effective over
the long-term, and would be effective over the short term once any hurdles to their
implementation were addressed.

Cost of Exposure Control

Imposing institutional controls across the areas discussed above would be largely a legal
exercise, with some degree of technical support. Although the level of effort required for this is
difficult to predict, it is assumed for the purposes of this FS that this will require $50,000.
Decommissioning, consisting of the removal of institutional controls, is $5,000.
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Alluvial Aquifer Groundwater Remedy Alternative A2—Monitored Natural Attenuation

Monitored natural attenuation (MNA), as discussed under Remedy Alternative P2, allows
natural processes, without human intervention, to reduce COC concentrations and/or mass.
These natural processes may be physical, chemical, or biologic, and can include
biodegradation, hydrolysis, dilution, sorption, and volatilization.

The monitoring network will utilize selected existing wells (including wells installed as a part of
the FI). These wells will be located within source areas, and downgradient from these areas to
the downgradient terminus of the plume. Upgradient wells may also be utilized to provide data
on background water quality. As a part of this implementation, access will be requested for
the property downgradient of the Industrial Park for the installation of new wells to monitor the
distal portion of the plume. Alternatively, wells may be placed at the nearest downgradient
public right-of-way or easement to provide downgradient (sentry) monitoring. If delineation
and monitoring at either location indicates that the 1,2-DCA plume is expanding, then the MNA
remedy may be re-evaluated or modified to address specific areas of concern.

Monitoring data will be periodically evaluated to confirm that attenuation is occurring, with
evidence of such attenuation including any or all of the following:

= Areduction in the area or footprint within which COCs exceed risk screening criteria.
» A reduction in the number of COCs present that exceed risk screening criteria.
= A reduction in the maximum or overall concentrations of COCs.

Monitoring data and their evaluation will be reported annually or biannually (depending on
monitoring frequency) to ADEQ. If data trends over a sustained period do not support the
conclusion that attenuation is occurring, then a re-evaluation of the MNA component of the
remedy would be required. The wells to be utilized, monitoring parameters, monitoring
schedule, evaluation methods, reporting schedule, timeframe, and potential trigger conditions
for remedy re-evaluation will be developed and specified during the Remedial Design
discussed in Section 10.0.

Effectiveness of Monitored Natural Attenuation

As discussed in the FI Report (AMEC Geomatrix, February 2009), the overall decline in the
number and maximum concentrations of COCs suggest that natural attenuation processes
have been occurring in the Alluvial Aquifer over the approximately 6 years between the
termination of Facility operations and the collection of FI data. Even with these declines,
however, concentrations of some COCs are still above RBCs.
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MNA can be a lengthy process, with some recalcitrant chemicals (such as chlorinated
hydrocarbons) requiring years or even decades to decline below RBCs. This suggests that
MNA could be effective over the long-term, but that COCs in Alluvial Aquifer groundwater
could remain above acceptable levels in some areas for 10 to 20 years, or even longer. As
the plume shrinks, groundwater COC levels under off-property areas should drop below RBCs
before those on-property. MNA may be most effective over the long-term on helping to restrict
COC exceedances to on-property areas, than in eliminating groundwater COCs altogether.

In summary, MNA will likely be effective in reducing COC concentrations to below RBC levels,
particularly in off-property areas, but only over the long term. Because of the timeframes
required, it will have little effectiveness over the short term.

It should also be noted that the long-term effectiveness of any remedy approach in the Alluvial
Aquifer will depend upon the effectiveness of the remedy approach selected for the overlying
soils and Perched Zone. If the soil and Perched Zone remedy or remedies selected do not
reduce the mass and/or mobility of COCs, then those COCs will likely continue migrate
downward to the Alluvial Aquifer. This could off-set or even negate any improvements in water
guality observed as a result of MNA.

Cost of Monitored Natural Attenuation

The cost to implement MNA for Alluvial Aquifer groundwater is $165,000. This cost includes
the installation of new wells in off-property areas that are not currently monitored due to
access restrictions, and an initial round of monitoring. Operations and maintenance costs,
consisting primarily of regular sampling and reporting, are estimated to be $161,000 per year.
Decommissioning, including plugging and abandonment of all Alluvial Aquifer monitoring wells,
is estimated to cost $145,000.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Alluvial Aquifer Groundwater Remedy Alternative A3—In Situ Enhanced Biodegradation

In situ enhanced biodegradation would be performed by adding a source of carbon to the
Alluvial Aquifer; this carbon helps to stimulate biological conditions that degrade or consume
COCs. One possible mechanism for this breakdown is for carbon addition to stimulate the
growth of methanogenic microbes. These generate methane as a waste byproduct, which in
turn is consumed as a substrate (food source) by methanotrophic microbes. 1,2-DCA can be
co-metabolized by these methanotrophs along with methane. Although 1,2-DCA has been
shown to degrade under both anaerobic and aerobic conditions, we have assumed that
anaerobic conditions would be most effective in accelerating 1,2-DCA degradation at the
Facility..

As with Perched Zone enhanced biodegradation (see Remedy Alternative P3), carbon would
be slowly amended into the Alluvial Aquifer groundwater via injection wells across the areas of
COC exceedances (Figure 15). A well spacing of 20 ft centers would be used for those areas
where 1,2-DCA concentrations in groundwater exceed 10,000 pug/l, with a wider spacing (40 to
50 ft centers) for the remaining areas. Carbohydrate will be injected in multiple episodes,
allowing it to gradually disperse through the Alluvial Aquifer. As a part of the Remedial Design
process (see Section 10.0), a treatability study would be performed to determine the most
appropriate carbon source, carbon dosing, and delivery method.

Effectiveness of In Situ Enhanced Biodegradation

Installation of the injection well system will require approximately 6 months. Once installed,
unlike the Perched Zone, the hydraulic conductivity of the Alluvial Aquifer suggests that
carbohydrate delivery should be relatively straightforward. There is no certainty, however, that
the appropriate microbial populations are present to facilitate 1,2-DCA breakdown, or that they
can be adequately stimulated by this approach. Assuming that microbial populations respond
as desired, injection would need to continue for several years to ensure that carbohydrate is
delivered to a sufficient volume of the Perched Zone.

In summary, in situ enhanced biodegradation will likely be effective over the short- and long-
term in reducing concentrations of COCs, but may not reduce them sufficiently to avoid
requirements for other remedy elements, such as exposure controls. If used together with a
remedy alternative such as MNA, in situ enhanced biodegradation could reduce the timeframe
required by MNA to meet remedial objectives.

Finally, as discussed above, the long-term effectiveness of any remedy approach in the
Alluvial Aquifer will depend upon the effectiveness of the remedy approach selected for the
overlying soils and Perched Zone. If the soil and Perched Zone remedy or remedies do not
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reduce the mass and/or mobility of COCs, then those COCs will likely continue migrate
downward to the Alluvial Aquifer. This could off-set or even negate any improvements in water
quality observed as a result of enhanced biodegradation.

Cost of In Situ Enhanced Biodegradation

The cost to install the carbohydrate injection system across all locations with elevated COCs
(see Figure 15) is approximately $1.2 Million. This cost includes well installation and the initial
carbohydrate loading. Operations and maintenance costs are estimated to be approximately
$909,000 per year, including the cost of periodic carbohydrate reinjections. Note that this
does not include the costs of on-going Alluvial Aquifer groundwater monitoring, as those costs
are included in Remedy Alternative A2—Monitored Natural Attenuation. Decommissioning,
including plugging and abandonment of all injection wells, is estimated to cost approximately
$947,000. This assumes that no aquifer restoration is required, post injection.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Alluvial Aquifer Groundwater Remedy Alternative A4—Hydraulic Control

Hydraulic control in the Alluvial Aquifer would be intended to limit the migration of COCs into
off-site areas. As discussed in Remedy Alternative P4, hydraulic control in a water-bearing
zone is achieved by pumping groundwater at a rate that exceeds the natural flow of
groundwater. Although some portion of the COC mass is removed as a dissolved phase in the
extracted groundwater, this removal is generally only an ancillary effect of pumping. In short,
hydraulic control could potentially be used to limit the migration of groundwater COCs across
the property boundaries, but would not actually achieve any significant cleanup of the
groundwater.

With respect to the Alluvial Aquifer, the transmissivity, the likely yield of the aquifer and the
area that would require control are likely to render a hydraulic control approach infeasible for
the Alluvial Aquifer. Itis not likely to be practicable to achieve complete hydraulic control of an
aquifer so prolific across the 1,200 to 1,500 feet width of the 1,2-DCA plume. Any attempt at
hydraulic control in the Alluvial Aquifer would require a large number of pumping wells, and
would generate a very large volume of groundwater. All of the pumped groundwater would
require treatment prior to surface discharge.

For the purposes of this FS, it is assumed that two fences of extraction wells, oriented
generally north-south, would be constructed. One would be placed generally along the
downgradient edge of the Facility property, and the second along the downgradient edge of
the Industrial Park. The approximate locations of these extraction well fences are shown on
Figure 16. In each well fence, extraction well clusters would be placed at an approximate
spacing of 50 feet. Each cluster would consist of three extraction wells, completed in the
upper, middle, and lower portions of the aquifer. This approach would require approximately
70 to 75 well clusters, or approximately 210 to 225 individual pumping wells.

Wells would be constructed with downhole electrical submersible pumps. Discharge from
each well would be piped into a manifold that would deliver water to a central water treatment
facility. This manifold would be set below grade for protection from freezing and mechanical
damage.

Using hydraulic data from aquifer testing performed as a part of the Facility Investigation, the
cumulative volume of water pumped by the two-fence system is estimated to be approximately
680 gallons per minute, or nearly one million gallons per day. Please note that this estimate is
based on limited hydraulic data, and that the actual volume could potentially be much higher.
Details of the system, including pumping rate and bulk water quality, would be more fully
developed as a part of the Remedial Design process (see Section 10.0). This process should
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include the installation and testing of additional test wells along the planned extraction fence
alignments.

Treatment of water containing elevated levels of 1,2-DCA could be performed in a number of
ways, but for this FS we assume that water would be treated by air stripping followed by an
activated carbon polish. Treated water would be discharged to a Facility outfall, under the
terms of a National Pollutant Discharge Elimination System (NPDES) permit. Air emissions
from the stripper would be treated using activated carbon adsorption, and are assumed to
require a state or federal emissions permit.

Effectiveness of Hydraulic Control

A pumping system of the scale described in this remedial alternative, including the required
treatment works, would require approximately one year to construct and become operational.
Once operational, pumping would reduce, but not eliminate, the mass of COCs that is
migrating from the Facility onto off-property areas. Given the scale of the plume and
transmissivity of the Alluvial Aquifer, however, it is extremely unlikely that any pumping system
could completely contain COC migration, i.e., that it could completely capture a plume of this
size. Some mass of COCs would therefore continue to migrate across the Facility and
Industrial Park boundaries to off-site properties.

If hydraulic control was successful in reducing the mass of COCs migrating across property
boundaries, the COCs which are currently downgradient of those boundaries would begin to
dissipate, as discussed under Monitored Natural Attenuation (Remedy Alternative A2). A
period of at least several years, and, more likely, over a decade, would be required for COC
levels in these off-site areas to fall below RBCs.

In addition, as discussed for hydraulic control in the Perched Zone (Remedy Alternative P5),
this approach would not affect the sources of those COCs. If pumping was not maintained in
perpertuity, then COCs would resume their migration across property boundaries.

In summary, hydraulic control of the Alluvial Aquifer would not likely be feasible at the Facility.
Due to the lengthy period for construction/implementation, this approach would not be effective
in controlling COC migration over the short term. Over the long-term, it could reduce, but not
eliminate, COC migration across property boundaries. Hydraulic control would not effect the
cleanup of the areas sourcing these COCs. COC levels could rebound in groundwater
downgradient of the extraction well fences once pumping is terminated. Overall, hydraulic
control is not considered to be an effective remedial alternative for meeting objectives for
Alluvial Aquifer groundwater.
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Cost of Hydraulic Control

The cost to install the pumping system depicted in Figure 16 is estimated to be approximately
$8.0 Million. This cost includes well installation, piping, trenching, the required water and air
emissions treatment, and permitting.

Operations and maintenance costs are estimated to be $810,000 per year, which includes
groundwater testing, operation of the treatment works, and periodic re-development or
replacement of extraction wells. This includes the periodic redevelopment and gradual
replacement of pumping wells, with some need for well replacement. Note that this does not
include the costs of on-going Alluvial Aquifer groundwater monitoring, as those costs are
included in Remedy Alternative A2—Monitored Natural Attenuation. Decommissioning,
including the plugging and abandonment of all wells, removal of piping, and demolition of the
treatment plant, is estimated to cost $1.1 Million.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Alluvial Aquifer Groundwater Remedy Alternative A5—In Situ Chemical Oxidation

This approach is also discussed for the Perched Zone as Remedy Alternative P3. To
implement in situ chemical oxidation, a powerful oxidant, such as hydrogen peroxide, sodium
persulfate, or potassium permanganate, is delivered to throughout the targeted portion of the
aquifer. This oxidant can chemically break down COC molecules. For the Alluvial Aquifer, this
oxidant would be primarily intended to target 1,2-DCA.

Because oxidants will readily react with any material that can be oxidized, including organic
matter and some minerals, they will not persist for extended periods in soils and groundwater.
The injection well must therefore be close enough to the targeted COCs for the oxidant to
reach its destination before breaking down. In the Alluvial Aquifer, the large volume of aquifer
materials will limit the feasibility of oxidant distribution to all areas where COC exceedances
are present.

The conceptual layout of the oxidant injection wellfield for the Facility is shown on Figure 17.
Under this approach, oxidant would be injected throughout the on-property areas of the
Alluvial Aquifer exhibiting the highest concentrations of 1,2-DCA. Repeated injections of
oxidant would likely be required over time to deliver oxidant throughout the targeted portion of
the Alluvial Aquifer. If chemical oxidation were to remove most or all of the COCs from these
areas (which is not likely), the downgradient concentrations of COCs (primarily 1,2-DCA)
would gradually decline through natural attenuation, although this decline would require years
or even decades.

Effectiveness of In Situ Chemical Oxidation

In situ chemical oxidation could reduce the mass of COCs present in Alluvial Aquifer
groundwater over the short term, as the reaction between COCs and oxidants is typically
rapid. Once the oxidant had broken down, however, COC levels would likely rebound. This
would occur because oxidant delivery tends to occur preferentially within the more conductive
zones of any aquifer, and to leave residual COCs within less permeable zones. These
untreated COCs can then gradually spread back through the aquifer after the oxidant has
reacted away. Given the volume of Alluvial Aquifer materials to be treated at the Facility, even
if treatment were focused solely on-site, the effective delivery and distribution of oxidant is not
considered to be feasible. Even it this approach were feasible, its long term effectiveness
would depend upon whether the sources of groundwater COCs were addressed through this
remedy. If soil and Perched Zone remedy or remedies do not reduce the mass and/or mobility
of COCs, then those COCs will likely continue migrate downward to the Alluvial Aquifer. This
could off-set or even negate any improvements in water quality that chemical oxidation might
cause.
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Finally, the presence of the extensive wellfield shown in Figure 17 would restrict the
implementation of other remedy elements (e.g. soil cover) planned for the same physical area.
Given the time required for injection, the completion of these other remedy elements could be
substantially delayed.

Overall, the use of in situ chemical oxidation is not likely to be an effective remedial alternative
for the Alluvial Aquifer, over either the short- or long term.

Cost of In Situ Chemical Oxidation

The cost to install the chemical oxidation injection system across all locations with elevated
COCs (see Figure 17) is approximately $8.0 Million. This cost includes the construction of
injection and piping systems and the installation of injection wells. Operations and
maintenance costs, including oxidant, are estimated to be approximately $3.5 Million per year.
Note that this does not include the costs of on-going Alluvial Aquifer groundwater monitoring,
as those costs are included in Remedy Alternative A2—Monitored Natural Attenuation.
Decommissioning, including plugging and abandonment of all injection wells, and removal of
the piping and injection systems, is estimated to cost approximately $1.6 million.

A breakdown of these implementation, annual, and decommissioning costs is provided in
Appendix B.
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Alluvial Aquifer Groundwater Remedy Alternative A6—No Further Action

Under a No Further Action (NFA) approach, no remedy would be implemented to address
COCs in Alluvial Aquifer groundwater. Groundwater would be left in its existing condition, with
no additional measures taken to reduce COC concentrations, and no controls implemented to
limit potential ingestion or other domestic use of groundwater.

Effectiveness of No Further Action

Alluvial Aquifer groundwater currently exceeds ingestion criteria across an extended area.
Groundwater within the known area of exceedance is not currently used for domestic purposes
or ingested, so NFA would be effective in addressing current exposures, and therefore
potentially effective over the short term. Without controls, however, NFA would not preclude
the future use of groundwater containing elevated 1,2-DCA as a drinking water source. Given
this potential for future exposure, NFA would not meet remedial objectives, and would
therefore not be effective over the long term.

Cost of No Further Action

Because no action, including monitoring, would be taken to address Alluvial Aquifer COCs or
exposures, there would be no implementation, operations, or decommissioning costs
associated with a No Further Action approach.
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6.4 REMEDY RECOMMENDATIONS

It is clear that no single remedy alternative will completely address potential exposures for the
three media of concern at the Facility: unsaturated zone soils, Perched Zone groundwater, and
Alluvial Aquifer groundwater. A combination of remedial approaches will be necessary to
control exposures, reduce the areas affected by elevated COCs, and render the Facility
suitable for re-use.

AMEC Geomatrix recommends that that following suite of remedy alternatives be selected by
ADEQ for implementation at this site:

¢ Recommended Soil Remedy Elements

0 Exposure Controls—this would consist of the combination of engineering
controls, including the soil cover and soil/geotextile cover, and institutional
controls. The institutional controls would apply to the entire Facility property.

0 Soil Vapor Extraction, Focused Approach—as an active source removal effort,
SVE would be implemented at the two areas overlying the highest 1,2-DCA
concentrations in underlying groundwater.

o0 In Situ Soil Stabilization—Focused Approach—as a second active source
removal effort, ISS would be implemented across the area of the Former
Dinoseb Disposal Ponds, to stabilize soils with elevated Dinoseb, 1,2-DCA, and
other compounds.

o Recommended Perched Zone Groundwater Remedy

0 Exposure Controls—this would consist of institutional controls to mitigate the
risk of vapor intrusion exposures in limited areas of the property. This would
likely include the inclusion of vapor monitoring or control systems in any new
building construction in those areas.

0 Monitored Natural Attenuation—If the two active soil remedy elements are
successful, the COC levels in the Perched Zone will gradually decline. If this
decline is not observed, however, it may be necessary to expand the scope of
active remediation in the soils and Perched Zone groundwater.

o Recommended Alluvial Aquifer Groundwater Remedy

0 Exposure Controls—this would consist of institutional controls to preclude the
use of Alluvial Aquifer groundwater for drinking water supply within the
boundaries of the 1,2-DCA plume, including both on-site and off-site areas.

0 Monitored Natural Attenuation — some decline in COC levels has been
observed over the time since Facility operations terminated in 2002. With the
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active soil remedy elements described above, this trend is expected to
continue.

As discussed in Sections 6.2, the hydraulic characteristics and extent of the Perched Zone are
likely to frustrate both those approaches that rely on chemical delivery (i.e. chemical oxidation,
in situ enhanced biodegradation) and those that rely on advective groundwater movement
(i.e., hydraulic control). In the Alluvial Aquifer (see Section 6.3), the opposite is true—the large
area involved and the prolific nature of the aquifer would render approaches such as chemical
oxidation and hydraulic control infeasible.

Although cost was not utilized as a primary determinant in selecting approaches for
recommendation, cost effectiveness was considered in the selection. Given the magnitude of
the Facility and the costs involved, it would be undesirable for any party to invest extensive
funding in an approach that is likely to prove ineffective or even infeasible.

The recommended suite of remedies is consistent with current EPA correction action
approaches, and represents those technologies that are most likely to be effective under the
conditions known to be present at the Facility. This approach would be likely to meet remedial
objectives, and could be easily expanded, supplemented, or maodified if new data identified
exposures that were not being adequately controlled, or conditions that were changing in an
unacceptable way.

6.5 SoIL AND GROUNDWATER REMEDY TERMINATION

The remedy selected will continue to be implemented until COC levels within the media (i.e.,
soil, Perched Zone groundwater, Alluvial Aquifer groundwater) governed by that control have
declined below applicable risk thresholds. These thresholds may be risk screening criteria, or
other criteria developed through either a supplemental risk assessment process or another
appropriate process. On-going remedy elements such as MNA will continue until groundwater
concentrations of COCs that exceed applicable risk thresholds are both stable in extent and
limited to on-site areas, unless another endpoint is established that is protective of human
health and the environment. At the conclusion of the remedy, Perched Zone and Alluvial
Aquifer monitoring wells will be plugged and abandoned. The costs for this are included in the
decommissioning costs for Perched Zone Groundwater Alternative P2 — Monitored Natural
Attentuation, and Alluvial Aquifer Groundwater Remedy Alternative A2 — Monitored Natural
Attentuation.
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7.0 RECOMMENDATIONS FOR REMOVAL OF SITE STRUCTURES

With the exception of the Office buildings and the large Warehouse building (Figure 18)
(requested by ADEQ to remain in place for potential future use), all aboveground portions of
buildings, process units, tank systems, and related site structures at the Facility will be
demolished or deconstructed. Unless their removal is required to implement a selected
remedy element (for example, excavation or stabilization). slab foundations or similar at-grade
and below-grade portions of these structures could remain in place to be incorporated into the
soil cover system. In this event, the foundations and related structures should be inspected
prior to their reuse. If any of these foundations or similar structures contain sumps, major
failures, or other related breaches in their integrity, these will be permanently sealed as a part
of the demolition/deconstruction process. In addition, storm grates, drains, and piping running
beneath the demolition and soil cover area will be permanently plugged.

To the extent practicable, any portion of the structures that can be readily recycled will be
salvaged. This stipulation applies primarily to the metal portions of the process units. Any
non-salvaged materials will be managed as demolition debris. This management will include
characterization and disposal at an appropriate off-site disposal facility, unless an acceptable
alternative strategy is identified.

The estimated cost for implementation of this demolition/deconstruction is approximately $4.6
Million (Table 2). Details of this estimate are provided in Appendix C.

This Section does not apply to the Drum Vault and the Wastewater Treatment Ponds, which
are discussed separately in Sections 8.0 and 9.0, respectively, of this FS.
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8.0 RECOMMENDED REMEDY FOR DRUM VAULT

The Drum Vault is located in the central area of the Facility (Figure 2). Based on the FI
evaluation, the Drum Vault contains both crushed drums and intact drums in poor condition,
and approximately 4-6 feet of water-saturated sandy backfill. Although the contents of the
drums were not identified, waste materials were visibly present in the drums. Analysis of the
backfill and vault water identified several COCs at concentrations that exceeded a regulatory
level.

Based on the presence of water contained in the Drum Vault at an elevation above the normal
water table, the structure currently provides some degree of containment, limiting the release
of COCs from within the Drum Vault. When the containment currently provided by the Drum
Vault ultimately fails, however, it could result in a new release of COCs to the environment.
This would reduce the effectiveness of on-going remedy efforts, and possibly result in an
unacceptable exposure scenario. Given this, the recommended remedy for the Drum Vault is
the removal of its contents for off-site disposal.

This remedy would consist of:

1. Demolition and removal of the above-grade portion of the overlying warehouse
building.

2. Removal of the concrete slab (i.e., the warehouse floor slab) that covers the Drum
Vault.

3. Dewatering of the Drum Vault backfill. All water will be stored and characterized for
appropriate disposal. If its quality permits, it may be placed into the POTW inlet at the
Facility, subject to the concurrence of the POTW operator.

4. Transferring the drums or drum portions and backfill in bulk from the Drum Vault to
lined transport trucks. Based on the observed condition of the drums, individual drum
removal is not anticipated to be feasible or necessary. If the Drum Vault contents are
determined to be non-hazardous waste, they may be stabilized with flyash, Portland
cement, or similar materials prior to removal.

5. Cleaning any residual drum, waste, or backfill material from the Drum Vault.
6. Backfilling the Drum Vault with clean, low permeability fill.

The removal of the Drum Vault is considered a final remedy with good long term effectiveness,
and is protective of human health and the environment. The estimated cost for Drum Vault
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removal is approximately $743,000 (Table 2). Details of this estimate are provided in
Appendix C.

The following alternative remedies were considered for the Drum Vault, but were not selected:

No further action — This scenario would reduce remedy costs, but would leave a body
of waste materials in place in a manner that could eventually result in a new release.
This was considered an unacceptable remedy outcome that was inconsistent with
remedy objectives.

Waste stabilization — Under this approach, the drums, drum contents, and backfill
would be mixed with a stabilizing material to reduce the mobility of COCs, as well as to
reduce the presence of free water within the Drum Vault. This approach was
considered less practicable than the bulk removal of the contents, because the
heterogeneous nature of the materials would make selection of appropriate stabilizing
agents and mixing of those agents difficult. On balance, given the characteristics of
the vault as a defined and limited structure, and even though a stabilization approach
could be less expensive, a removal-based approach was considered more practicable
and permanent.
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9.0 RECOMMENDED REMEDY FOR WASTEWATER TREATMENT PONDS

The current Wastewater Treatment Ponds (WWTP) are located south of Industrial Park Road
(Figure 2). These ponds were constructed in 1977 and comprise the wastewater/storm water
treatment system for the facility. The system consists of an API Separator, Flow Equalization
Basin, Aeration Basin, two Clarifiers and a Polish Pond. Currently, these ponds receive storm
water drainage from the entire facility. The effluent from the system is pumped 4.5 miles
through an 8-inch line to a permitted outfall at the Mississippi River.

A characterization of the pond waters and sediments was not included in the FI scope—since
these ponds continue to be used by ADEQ, any findings from such a characterization would
have been subject to change based on future use. The FI did include, however, an evaluation
of Perched Zone groundwater at the pond system. 1,2-DCA was present, but at
concentrations much lower than those observed in the Perched Zone beneath process areas.
Based on these data, the ponds are not considered a significant source of groundwater
impact.

The recommended remedy for the WWTP is removal of the free liquids, removal or
stabilization of the sediments/sludge, regrading of the pond area to shed storm water to
appropriate drainage ditches, and revegetating the regraded surface. All ancillary structures,
piping, and equipment will be decommissioned and removed, unless needed for future storm
water management, treated groundwater discharge, or other use.

The decision on removal for off-site treatment and/or disposal vs. in place stabilization of the
sediments/sludge will be made as a part of the Remedial Design process (Section 10.0). This
decision will be based on physical and chemical characterization of the pond sediments at the
time of pond closure, as well as any bench or pilot scale testing needed to finalize design
decisions. Contingent upon characterization of pond waters at the time of closure, and with
the approval of the POTW operator, these waters may be placed into the inlet of the local
POTW.

The optimal timing for pond closure will depend upon the array of remedies selected for
implementation at the Facility. Closure of these ponds should be performed at the conclusion of
any actions taken to implement remedies, such as demolition/deconstruction, soil cover
construction, and SVE system construction. While these activities are in progress, storm water
from the site would continue to be managed in the WWTP.

The estimated cost for closure of the WWTP is approximately $964,000 (Table 2). Details of
this estimate are provided in Appendix C.
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The following alternative remedies were considered for the WWTP, but were not selected:

No further action — This scenario would reduce remedy costs, but would leave in place
pond waters and sediments that may contain COCs at unacceptable levels, and also
could require continued, long-term management. This was considered an
unacceptable remedy outcome that was inconsistent with remedy objectives.

Continued use — Under this scenario, the WWTP would continue to be used for storm
water management by future site users, for an undefined period of time. Future users,
however, might decline to manage and use the WWTP. Therefore, this goal may not
meet the remedy objective of achieving unmonitored discharge of storm water from the
Facility.
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10.0 REMEDIAL DESIGN WORKPLAN

This FS evaluates a number of remedy alternatives and recommends a suite of engineering
and institutional controls that would cost-effectively meet the remedy objectives discussed in
Section 4.0. The FS is not intended, however, to address all data needs associated with
implementing the recommended remedies at the site. Particularly with respect to the
engineering controls, additional work will be required to provide the level of detail required for
such implementation. This additional work is considered to fall generally within the ambit of
Remedial Design, and would include, but not be limited to, the following:

o Detailed description of site controls to be implemented during the various remedy
activities.

¢ Identification of and compliance with requirements for regulatory permits and
approvals.

¢ Installation of test wells and performance of aquifer testing to provide a more detailed
hydraulic characterization of water-bearing zones.

¢ Bench scale and pilot scale testing to finalize the SVE system design, selection of
stabilizing material and method, and other remedy activities.

e Description of any additional sampling, analysis, or monitoring of environmental media,
including soil, groundwater, surface water, and air, required for remedy design or
implementation.

¢ Final characterization of any wastes to be generated during the drum vault removal,
soil stabilization, or other remedy activities, particularly with respect to hazardous vs.
non-hazardous, as well as selection of a location and mode of disposition for those
wastes.

e Preparation of engineering design and specification documents as needed to contract
the construction, operation, maintenance, and/or performance of remedy elements.

¢ |dentification of any requirements for public notice or interaction associated with
remedy design or implementation.

e Possible performance of focused human health and/or ecological risk assessments to
address specific COCs and their role in future remedy decisions.
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e Specific design and implementation deliverables to be provided to the ADEQ, with an
associated schedule.

The specific elements of the remedial design process will depend upon which remedy
alternatives are selected for implementation by ADEQ. Once this selection is complete,
therefore, it is recommended that a Remedial Design Workplan (RDWP) be developed to
describe the performance of these remedial design elements. Depending on the outcome of
pilot scale or bench scale testing, permitting, risk assessment, or other design-related factors,
it may be necessary to modify the recommended remedies for the Facility, or to recommend
different remedies entirely. Should this become necessary, the changes in recommended
remedy elements, together with the basis for the change, will be submitted to ADEQ for their
review and approval.
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11.0 ESTIMATED REMEDY COSTS

Table 1 presents the estimated capital, annual operating, and decommissioning costs for the
remedy alternatives evaluated in Section 6.0, with details of these estimates provided in
Appendix B. Table 2 provides costs for the activities described in Sections 7.0, 8.0, and 9.0
(i.e., demolition, drum vault removal, and closure of the wastewater treatment ponds,
respectively), with details of these estimates provided in Appendix C. Final project costs will
vary from these cost estimates and will depend on actual labor and material costs, competitive
market conditions, actual and unknown site conditions, final project scope, the implementation
schedule, and other variables. A breakdown of the costs developed for specific remedy
elements is included as Appendix B and C of this FS.

In particular, the following cost items could potentially have a major impact on the overall
remedy costs, and represent significant uncertainty in the cost estimating process:

= Demolition/deconstruction costs and salvage value — The estimate for demolition was
based on discussions with a single demolition contractor (other contractors were
contacted but did not respond). Time constraints did not allow that contractor to
actually visit the Facility, so the estimate they provided was based on their review of
maps and aerial photographs. The actual demolition/deconstruction costs may vary
considerably from this estimate. In addition, the salvage value of Facility metals and
other materials can only be developed after the completion of extensive surveys and
testing by salvage specialists. These efforts will be performed as part of the Remedial
Design process described in Section 10.0 of this FS. A salvage value of 25 percent of
the demolition/deconstruction cost was assumed for preliminary cost estimation
purposes only. The actual salvage value may also vary considerably from this
estimate.

» Waste characterization issues — with respect to the Drum Vault removal, WWTP
closure, and other remedy elements, and based on the available sampling data, the
remediation wastes that may be generated are assumed to be non-hazardous (Class 1
Industrial). Costs for waste management, permitting, and disposition would increase
substantially if significant proportions of the waste are determined to be hazardous.
Such a determination could require re-evaluation of remedy recommendations.

= The time required for remedy implementation. If remedy elements such as enhanced
biodegradation, MNA, hydraulic control, or chemical oxidation are selected, these
remedies may have an implementation lifespan of several years or even decades.
Costs will continue to accrue as long as the remedy is on-going, so the ultimate
duration will directly control the final cost of any remedy.
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The estimated costs are intended to support comparison and preliminary evaluation of the
various remedy alternatives, and are based on a conceptual scoping of the various remedy
alternatives. They must be considered preliminary in nature, and subject to change.
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TABLES




Table 1
Preliminary Estimate of Design and Implementation Costs for Remedy Alternatives
Cedar Chemical Corporation
Helena-West Helena, Arkansas

Capital Cost Annual Cost Decommissioning Costs

Remedial Design/Workplan $ 587,412

Soil Remedy Alternatives

Soil Remedy Alternative S1: Exposure Control $ 3,009,573 | $ 5,000 | $ 15,000
Soil Remedy Alternative S2: In Situ Stabilization, Area-Wide Approach $ 8,725,091

Soil Remedy Alternative S2: In Situ Stabilization, Focused Approach $ 2,144,255

Soil Remedy Alternative S3: Excavation with Off-Site Disposal as Solid Waste, Area-Wide Approach $ 50,034,669

Soil Remedy Alternative S3: Excavation with Off-Site Disposal as Solid Waste, Focused Approach $ 11,891,182

Soil Remedy Alternative S4: Soil Vapor Extraction, Area-Wide Approach $ 6,150,694 | $ 1,412,553 | $ 950,789
Soil Remedy Alternative S4: Soil Vapor Extraction, Focused Approach $ 1,431,684 | $ 516,715 | $ 374,499

Soil Remedy Alternative S5: No Further Action

Perched Zone Aquifer Remedy Alternatives

Perched Zone Groundwater Remedy Alternative P1: Exposure Contol $ 25,000 $ 5,000
Perched Zone Groundwater Remedy Alternative P2: Monitored Natural Attenuation $ 159,509 | $ 168,064
Perched Zone Groundwater Remedy Alternative P3: In Situ Chemical Oxidation $ 3,673,685 | $ 3,277,173 | $ 1,559,330
Perched Zone Groundwater Remedy Alternative P4: In Situ Enhanced Biodegradation $ 3,214,656 | $ 1,777,030 | $ 1,651,333
Perched Zone Groundwater Remedy Alternative P5: Hydraulic Control $ 1,633,432 | $ 166,150 | $ 366,799
Perched Zone Groundwater Remedy Alternative P6: Permeable Reactive Barriers $ 1,167,568 | $ 73,952 | $ 209,297
Perched Zone Groundwater Remedy Alternative P7: No Further Action

Alluvial Aquifer Remedy Alternatives

Alluvial Aquifer Groundwater Remedy Alternative Al: Exposure Controls $ 50,000 $ 5,000
Alluvial Aquifer Groundwater Remedy Alternative A2: Monitored Natural Attenuation $ 165,286 | $ 161,383 | $ 144,713
Alluvial Aquifer Groundwater Remedy Alternative A3: In Situ Enhanced Biodegradation $ 1,183,260 | $ 908,850 | $ 946,519
Alluvial Aquifer Groundwater Remedy Alternative A4: Hydraulic Control $ 8,048,186 | $ 810,201 | $ 1,136,388
Alluvial Aquifer Groundwater Remedy Alternative A5: In Situ Chemical Oxidation $ 8,026,158 | $ 3,493,653 | $ 1,559,330

Alluvial Aguifer Groundwater Remedy A6: No Further Action

Notes: 1 Costs are preliminary estimates only, actual costs may vary based on remedial design, mode of implementation of the remedy, waste characterization, market costs at the time of implementation, or other factors.
2 Costs do not include legal expenses (other than routine administrative costs), payments to property owners, or other administrative costs.

3 Costs are in 2009 U.S. dollars, and are not adjusted for the future value of money, inflation, or similar factors.

4 Costs do not include storm water permitting or annual costs associated with storm water discharge, as it is assumed these will be borne by the site owner/operator.

5 Costs do not include any additional assessment, other than completion of delineation of 1,2-DCA to the southeast of the Industrial Park.

7

Costs may be lower than estimated if certain field tasks are combined.
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Table 2

Preliminary Estimate of Design and Implementation Costs for Demolition and for

Drum Vault and Wastewater Treatment Pond Closure
Cedar Chemical Corporation
Helena-West Helena, Arkansas

Activity Estimated Cost
Demolition $ 4,639,180
Drum Vault Closure $ 742,996
Future Wastewater Treatment Pond Closures (stabilization in place) $ 963,980
Totals $ 6,346,156

Notes: 1

w

Costs are preliminary estimates only. Actual costs may vary based on remedial design and mode of implementation of the
remedy, waste characterization, market costs at the time of implementation, and other factors.

Costs do not include legal expenses or other administrative costs.
Costs are in 2009 U.S. dollars, and are not adjusted for the future value of money, inflation, or similar factors.
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